The European Mousterian has traditionally been portrayed as a long period of technological stasis as opposed to the technotypological dynamism of Upper Paleolithic cultures. The classic debate on Mousterian variability explained interassemblage differences either by ethnic, cultural, functional, and chronological or by paleoenvironmental causes, but variability was based on typological considerations. Recently, technological factors have been introduced in discussions over time trends and geographic differences in the Mousterian. This paper will address the topic by reviewing technological strategies in the Iberian Middle Paleolithic. Three sites from northeastern Spain are chosen as a case study to address the existence of directional patterns in the Iberian Mousterian. We conclude that albeit diachronic variability exists, it does not show patterning, which suggests stochastic variation rather than directional change in the technological strategies of Iberian Neanderthals.
The notion of variability is at the heart of the study of the Mousterian. Spanning ca. 300 kyr and present in hundreds of sites across western Europe, the search for explanations of interassemblage variability is consubstantial to Middle Paleolithic research. The classic debate on the interpretation of the Mousterian facies privileged cultural (Bordes 1972) , functional (Binford 1973) , diachronic (Mellars 1969) , or climatic (Laville 1973) explanations, but it was strictly typological; that is, it was based on the assumption that Bordes's tool types were meaningful categories. Since the 1980s, the advent of technological approaches in Mousterian research (e.g., Boëda 1986; Geneste 1985) and the consideration of tool types as the result of different stages of reduction (Dibble 1987) led to explanations of most variability by raw material constraints and functional or settlement dynamics (e.g., Dibble and Rolland 1992) . New attempts to understand the Mousterian facies from a functional perspective (e.g., Beyries 1988) and an inIgnacio de la Torre is Reader in Palaeolithic Archaeology at the Institute of Archaeology of University College London (31-34 Gordon Square, WC1H 0PY London, United Kingdom [i.torre@ ucl.ac.uk] ). Jorge Martínez-Moreno is Research Associate and Rafael Mora is Professor of Prehistory at the Centre d'Estudis del Patrimoni Arqueologic de la Prehistoria of the Universitat Autó noma de Barcelona (Facultat de Lletres, 08193 Bellaterra, Spain) . This paper was submitted 3 VII 13, accepted 27 VIII 13, and electronically published 20 XII 13. novative emphasis on the role of ecological factors in technological behavior (Kuhn 1995) added a novel dimension to the study of Middle Paleolithic variability.
In recent years, generalization of technological perspectives in most of western European Middle Paleolithic studies and the dramatic improvement of dating techniques for chronologies beyond the accelerator mass spectrometry (AMS) 14 C method have provided new tools to address the question of variability and time depth, now with an emphasis on the understanding of knapping techniques rather than tool types. Interest in evolution, stasis, and rhythms of change during the Middle Paleolithic (e.g., Kuhn and Hovers 2006) has shed new light in Neanderthal cultural adaptations, with pioneering studies focused on the technological characterization of Mousterian diachronic variability (Delagnes and Meignen 2006) and its functional/ecological correlation (Delagnes and Rendu 2011) .
The aim of this paper is to apply some of these perspectives to the Mousterian of the Iberian Peninsula with the specific purpose of addressing the potential significance of diachronic patterns in lithic technology. A long history of research, abundance of karstic systems susceptible of preserving archaeological deposits, and relatively milder conditions than in most of Europe during the Pleistocene explains the substantial number of Mousterian sites known in Spain and Portugal. However, problems on the chronostratigraphic correlation of assemblages plus the variety of nomenclatures and analytical perspectives employed make it difficult to produce overall assessments such as those currently available for adjacent regions (Delagnes and Meignen 2006; Jaubert 2011 ) and the Near East (Goren-Inbar and Belfer-Cohen 1998; Hovers and Belfer-Cohen 2013) .
In order to overcome the sample disparity derived from such methodological and empirical pitfalls, three Iberian sites excavated and studied within the same research program Mora et al. 2011) in the area of La Noguera (northeast Spain) are used in this paper to search for temporal trends in the Middle Paleolithic. Our results suggest that although diachronic variation is detected, it does not follow any particular pattern. This case study from La Noguera will then be discussed within the context of the Iberian Mousterian, in which a lack of time trends also prevails. Instead, the observed technological variability could be associated with intrasite specifics and, potentially, regional idiosyncrasies. This apparent lack of temporal patterns in the Iberian Middle Paleolithic contrasts with neighboring areas such as France, where chronological trends seem to exist (e.g., Delagnes and Meignen 2006) . By combining different units of analysis (from particular case studies in northeast Spain to the regional scale of Iberia and to its contextualization within the sequence of southwestern Europe), the purpose of this paper is to contribute to the debate on technological change and stasis during the Middle Paleolithic and the nature and causes of Mousterian technological variability.
The Middle Paleolithic of La Noguera: A Case Study on the Analysis of Technological Diachronic Patterns Tragó , Roca dels Bous, and Cova Gran are three rockshelters in the region of La Noguera (Lleida, Catalunya) located within a radius of less than 20 km at the Marginal Exterior Sierras of the Eastern Pre-Pyrenees in the northeast of the Iberian Peninsula (CAϩ Online Supplement A: fig. A1 ). Tragó has yielded eight archaeological levels, all attributed to the Mousterian. Thermoluminescence dating (CAϩ Online Supplement B: table B1) situates the bottom layer (UA3) at approximately 126 kyr and the uppermost (UA1) level of the main excavation area at ca. 42 kyr ). Ongoing excavations in Roca dels Bous have yet to reach the bedrock, and so far four main levels (R3, N10, N12, and N14) have been unearthed Mora, de la Torre, and Martínez-Moreno 2004) , all corresponding to the Mousterian. R3 was dated to kyr, while 38.8 ‫ע‬ 1.2 underlying levels seem to be placed beyond the range of AMS 14   C (see table B1 ). Cova Gran is a huge (12,500 m 2 ) rockshelter with Upper Pleistocene and early Holocene deposits (Mora et al. 2011) . Four Mousterian levels (S1B, S1C, S1D, and S1E) have been documented so far, situating Cova Gran among the most recent Middle Paleolithic sites in northern Iberia, perhaps as late as 33-32 kyr (Martínez-Moreno, Mora, and de la Torre 2010).
The three sites share a number of features enabling interassemblage comparisons. Both Roca dels Bous and Tragó are situated over two main river valleys that are natural corridors between the Ebro plain and the first ranges of the Pyrenees ( fig. A1 ), while Cova Gran is located in a small subsidiary valley about 10 km north from Roca dels Bous. Pleistocene biotopes should have been similar in the three sites, with variations in the diversity of game according to climatic pulses but comparable density and availability of biotic resources. Availability of raw material was also similar; flint of poor quality is present in the immediate surroundings of Cova Gran and Tragó but not in the proximity of Roca dels Bous. Good quality flint was not locally available in any of the three sites. Quartzite and other metamorphic cobbles were readily available from river beds in the three sites, particularly in Roca dels Bous and Tragó .
In order to evaluate the possible existence of temporal trends, in this paper the Roca dels Bous (Martínez-Moreno, Mora, and de la Torre 2010; Mora, de la Torre, and Martínez-Moreno 2004), Cova Gran (Martínez-Moreno, Mora, and de la Torre 2010), and Tragó (Casanova 2009 ) assemblages will be organized diachronically; Tragó levels cover oxygen isotope stage (OIS) 5e (UA3), OIS 5/4 (UA2), and OIS 3 (UA1). Roca dels Bous levels are probably within the same chronological range as UA1, but for the sake of comparison, N12 and N10 have been placed after the sequence of Tragó . Cova Gran levels S1D, S1C, and S1B have yielded consistent dates post 40 kyr and therefore are considered here to belong to the latter part of OIS 3.
The artefacts ( ) analyzed from the three sites N p 59,001 are distributed unevenly, with 23,557 lithics from Tragó , 19,569 from Roca dels Bous, and 15,875 from Cova Gran (CAϩ Supplement B: table B2). Relative frequencies of main stone tool types are shown in figure 1. The percentage of cores does not indicate any clear patterning; while cores are consistently less abundant in Cova Gran than in the two older sites, N10 at Roca dels Bous yields the highest proportion of cores of all levels. Therefore, the comparative paucity of cores in the Cova Gran levels is better explained by site-specific economic variables rather than by temporal trends. In contrast, frequency of flakes seems to decrease steadily throughout the sequence, with the exception of S1C in Cova Gran ( fig. 1B) . The meaning of such consistent reduction on the frequency of flakes is obscure and could tentatively be related to recurrent export of flakes off site. A divide seems to exist in the sequence with regard to the frequency of retouched tools; while the four older assemblages yield very low frequencies, all levels from N10 to S1B contain percentages of retouched tools over 7% ( fig. 1C ). Even though no cumulative increase is observed across the four younger levels, the fact that a higher frequency of retouched tools is present in two sites (Roca dels Bous and Cova Gran) rules out the possibility that this pattern was site-specific and could suggest some intensification in the shaping of blanks among latest PrePyrenean Neanderthals.
Metric analysis of the main categories ( fig. 1 ; CAϩ Supplement B: table B3) reflects consistency on lithic dimensions throughout the sequence. Average length of cores and retouched tools is remarkably similar from UA3 to S1B ( fig.  1D, 1F) , and even though flakes are larger in the oldest assemblages ( fig. 1G ), the length/width ratio ( fig. 1E ) of Tragó flakes resembles that of Cova Gran, which yields the most recent layers. The widely documented pattern of larger blank selection for retouching during the Mousterian (e.g., Dibble and Rolland 1992; Geneste 1985) is also verified in each and every one of the assemblages analyzed here, which show consistent larger size of retouched tools over unmodified blanks.
In general, data from figure 1 (see also table B3) do not indicate any kind of temporal trend but rather remarkably homogeneous size range for the main lithic categories across all assemblages. The only possible divergence is shown by N10 at Roca dels Bous, whose cores and flakes are noticeably smaller than those in the rest of the levels. However, the shortterm nature of this occupation (Martínez-Moreno, Mora, and de la Torre 2004; Mora, de la Torre, and Martínez-Moreno 2004) rather than any chronological pattern explains particularities of N10 more satisfactorily.
In order to explore the possible presence/existence of diachronic patterns on knapping methods, nearly 500 cores were considered in our analysis (CAϩ Supplement B: table B4). Levallois cores are poorly represented, with only N12 and S1C yielding relevant percentages. Bifacial hierarchical centripetal (sensu Casanova et al. 2009; de la Torre and Mora 2004) and unifacial methods are the most common in several assemblages, whereas discoid cores sensu stricto are rare. Figure 2A suggests that neither Levallois nor any other flaking methods show temporal trends. To avoid subjectivities derived from flaking methods classification, a comparison ( fig. 2B ) was made between expedient cores-those that bear only a few scars (e.g., unifacial) and which underwent limited and/ or unstandardized (e.g., multifacial) reduction-versus structured cores-those including several stages of preparation and/or production (e.g., Levallois, bifacial hierarchical centripetal and discoid). Albeit expedient methods are rarely mentioned in the literature, they are common in the PrePyrenean Mousterian and indicate opportunistic reduction of part of the raw material stocks. However, once again no temporal pattern is discerned in the variation between expedient and structured methods: while structured methods tend to prevail (as expected from any Mousterian assemblage), expedient flaking is common at the beginning (UA3), middle (N10), and end (S1B) of the sequence.
Low variability of retouched tool types is well attested across the northeastern Iberian Mousterian sites (Mora 1988) and is confirmed in the Pre-Pyrenees sequence. Figure 2C shows that sidescrapers and denticulates predominate, while points, endscrapers, and other retouched tools are represented residually (see also CAϩ Supplement B: table B5). There seem to be some differences between Tragó and the other two sites; while in Tragó nearly all shaped tools are either denticulates or sidescrapers, both in Roca dels Bous and Cova Gran, higher typological variability is attested, with points, endscrapers, and other tool types present in all levels. Tragó also consistently yields higher proportions of sidescrapers than Roca dels Bous and Cova Gran. However, it is unclear whether such a pattern responds to temporal trends or whether it could be explained instead by settlement dynamics specific to the earlier site of Tragó .
It remains to assess the role of raw materials in discerning potential time trends. Figure 2D suggests an overall preference for flint across the sequence in all levels apart from N12. Interestingly, the four more recent layers show clear preference for flint, whereas the earlier assemblages of Tragó yield a more mixed procurement of flint and quartzite (see also CAϩ Supplement B: table B6). However, the exception of N12 in Roca dels Bous, where the raw material procurement strategy is completely reversed to that of the later levels, precludes establishing a clear diachronic pattern throughout the assemblages. The same applies to lithic categories with particular technological relevance; figure 2E indicates that with the exception of N12, flint cores prevail in all assemblages. Similarly, flint was more often selected for structured knapping than quartzite. No temporal trend can be observed, either, in the selection of raw material for retouched tools; while the younger levels of Cova Gran reflect a strong preference for flint over quartzite, such preferential selection is exacerbated in UA1 at Tragó , one of the earlier assemblages. Although quartzite retouched tools in N12 are more abundant than flint in absolute terms, flint was preferentially used for retouching, which is consistent with the pattern observed in the rest of the sequence ( fig. 2F ).
Chronological Patterns of the Iberian Middle Paleolithic
Although better known for putatively yielding the last Neanderthal traces anywhere in Europe (e.g., Finlayson et al 2006; Zilhão 2008) The level TD 10.1 at Atapuerca, dated to kyr, 337 ‫ע‬ 29 could represent the earliest evidence of Middle Paleolithic technology in Iberia (Rodríguez 2004) . Its large lithic and fossil assemblage shares some elements of continuity with the Acheulean (e.g., handaxes), but cores and retouched flakes indicate more standardized systems typical of the Mousterian (Ollé et al 2013) . Cueva Horá and Cueva del Á ngel, both in southern Spain, may potentially contain very old Mousterian assemblages, but a robust radiometric frame has yet to be developed. At present, the best documented cultural succession for the latter part of the Middle Pleistocene is that from Bolomor, in eastern Spain. Here, radiometric dates bracket between OIS 9 and OIS 5e more than a dozen archaeological units in which denticulate and sidescraper-rich layers alternate and no handaxes are recorded (Fernández-Peris 2007) . The earliest levels of Bolomor (XVII-XV) are positioned between Both the Bolomor sequence and Atapuerca TD 10.1 point to an emergence of the Middle Paleolithic earlier than 300,000 BP. This would be in agreement with Mousterian-like features seen in late Acheulean open-air sites such as Ambrona AS6, dated over 350 kyr (Santonja and Villa 2006) , but it is at odds with the chronology of other late Acheulean sites in the Manzanares (e.g., Arriaga, Oxígeno), Guadiana, and Duero valleys, for which terminal Middle Pleistocene ages have been proposed. This calls for either a long coexistence of Acheulean and Mousterian technologies between 300 and 100 kyr, a gradual disappearance of handaxes in early Middle Paleolithic sequences as recorded elsewhere (e.g., Moncel et al 2011) , and/or for a need to reconsider the chronology of some of the central Iberia terraces, which is in reality poorly constrained.
Other pre-OIS 5e sequences in caves/rockshelters present similar dating problems. Lezetxiki in northern Spain has yielded dates 1240 kyr for level VII (Falguères, Yokoyama, and Arrizabalaga 2005) , but most of the other radiometric ages are inconsistent. Cueva de los Aviones, Cueva de las Grajas, and Cueva Horá, all in the southern half of Spain, contain Mousterian (and in the case of Cueva Horá also Acheulean) layers attributed to the Middle Pleistocene, but no reliable radiometric dates have been published. It is likely that several other caves from figure 4 contain pre-OIS 5e Mousterian deposits, but at present, apart from Bolomor, only a few yield radiometric dates. Two of those caves are Carihuela and Tragó (southern and northeastern Spain, respectively); lower deposits from Carihuela range between 146 and 117 kyr (Vega et al. 1997 ) and show clear Mousterian features, while the bottom of the Middle Paleolithic sequence in Tragó is radiometrically dated to the beginning of the last interglacial ). Figure 4 could lead us to believe that the majority of Iberian cave sites have no Mousterian occupation for most of OIS 5. However, that is likely to be an artefact of dating methods (in many sites no techniques other that 14 C have been attempted), and research program contingencies (often the bottom of stratigraphy has not yet been reached, and lower, unreported levels might be present). Focusing on the few sites for which OIS 5 levels are published, some of those already mentioned contain Early Glacial deposits, and several others can also be considered (see fig. 4 ). Among the latter, El Castillo and Cova Negra have yielded relatively consistent radiometric dates across thick sequences; in El Castillo, the classic Mousterian is capped between 70 kyr (the age of level 22) and 39 kyr (dating proposed for the Early Aurignacian of level 18; Rink et al. 1997) . Cova Negra contains a thick Mousterian stratigraphy spanning the whole of the Early Glacial (OIS 5d-a), OIS 4, and part of OIS 3. Although radiometrically not as robust as Cova Negra, the Mousterian sequence of Cueva Bajondillo is also constrained between OIS 5 and OIS 3 (Cortés Sánchez et al. 2007) , and so is the thick stratigraphy of Covalejos, dated between 100 and 40 kyr (Montes and Sanguino 2005) , and Oliveira, dated between 170 and 35 kyr (Angelucci and Zilhão 2009 ).
According to the available dates, most of Mousterian sites in Iberia would correspond to the latest part of the Middle Paleolithic. While the possibility of a sudden proliferation of Neanderthal sites after 45 kyr cannot be excluded, it is also very likely that the radiocarbon dating threshold rather than an actual gap in the archaeological record explains the absence of longer spans in the OIS 3 assemblages plotted in figure 4 . Similarly, the very recent radiocarbon dates obtained in a number of Iberian sites may be due to problems of the limits of AMS 14 C; therefore, many of the late Mousterian dates from Iberian sites could be seen as minimum ages (e.g., Martínez-Moreno, Mora, and de la Torre 2010).
Leaving aside chronometric problems, the Iberian record contains some firmly dated sequences that account for continuous occupation throughout the first half of OIS 3. Probably the most outstanding is Abric Romaní, which yields wellconstrained Mousterian levels between 60 and 40 kyr (Bischoff, Julià, and Mora 1988) . Apart from several of the sites mentioned above, Esquilleu, El Salt, Vanguard Cave, and a few others (see fig. 4 At present, typological classifications of the Iberian Middle Paleolithic are unusual, and so the Bordesian taxonomy of table 1 is limited to data from some 1960s-1980s studies. As expected, no diachronic patterns are observed in the variation of Mousterian facies; in Cova Negra, one of the few dated Middle Paleolithic sequences, Quina-type Charentian was recognized at the bottom (level XIV: OIS 5d-b) and middle (XIII-XII, X-IX, VII-VI: OIS 4) of the stratigraphy, and the same occurs with the para-Charentian/typical Mousterian, identified both in OIS 4 (level XI, VIII) and at the beginning of OIS 3 (Villaverde 1984) . While Cova Negra can be used as an instance of nondirectional temporal variability of Mousterian facies, Axlor provides an example of homogeneity of tool types through time; here, all levels are classified as typical or Quina Charentian (Baldeó n 1999) despite the thick stratigraphy of the rockshelter. Despite reservations derived from the absence of radiometric dates, Axlor and several other sequences from table 1 can be placed at the onset of OIS 3 (see fig. 4 ). Given the variety of Mousterian facies represented in this time interval, it may be concluded that no temporal patterning exists.
The relative typological homogeneity of the Iberian Mousterian in comparison with the neighboring sequence of France 1993 , 1999 Butzer 1981; Cabrera 1984; Freeman 1966; Ripoll and de Lumley 1965; and Villaverde 1984. Note. MTA p Mousterian of Acheulean tradition.
has sometimes been explained by limited availability of good raw materials in Spain and Portugal. While flint is ubiquitous around a number of sites in Andalusia and in some parts of the Mediterranean, quartzite and other metamorphic rocks predominate in large parts of western, central, and northern Iberia. Despite this unequal distribution of raw materials, we can discuss whether any diachronic patterns exist in the Middle Paleolithic procurement strategies. Again, data are not available for all assemblages, so here we selected case studies in which both raw materials and their availability in the landscape have been investigated (CAϩ Supplement B: table B7). In the early Middle Paleolithic of TD 10.1, local flint is the predominant raw material, but a particular type of exotic flint is also documented for the first time in the Atapuerca sequence (Ollé et al. 2013) , providing yet another element of differentiation between the previous Acheulean and TD 10.1. The thick sequence of Bolomor shows variations in raw material procurement (see fig. 5 ), but there seems to be no temporal patterning, and changes are related to climatic pulses during the Middle Pleistocene; small marine flint pebbles were preferentially selected when locally available during sea transgressions in detriment of other raw materials such as quartzite (accessible in the early part of the sequence) and especially limestone, an immediately available rock (Fernández Peris et al. 2008 ).
In the case of Abric Romaní, the location of raw material sources was more fixed, with flint available in a radius of 5-10 km and limestone and quartz in the immediate (1 km) surrounding of the rockshelter. Although from farther distances, flint was consistently preferred in most of the Romaní levels (Vaquero 1999) . Raw material variation is documented throughout the sequence, but figure 5 shows no directionality toward any particular rock type. The Mousterian sequence from El Esquilleu probably spans more than 20 kyr, but substantial uniformity in raw material procurement is found across the levels (Manzano et al. 2005 ); percentage of quartzite, the most commonly used rock (table B7), varies throughout the sequence, but again no particular trend is observed ( fig. 5) . Most of the rocks were procured from a stream bed 200 m from the cave, and 99% of raw materials were found within a 5-km radius (Manzano et al. 2005) , although some stone tools are reported to come from more distant sources (Carrió n et al. 2008) .
Cova Gran and Tragó present an analogous pattern to the sites mentioned above; flint was readily available in Cova Gran and Tragó and consistently preferred in both sequences. The case of Tragó is particularly enlightening: UA3 and UA1 are ca. 80 kyr apart, and yet raw material procurement for each is remarkably similar (see table B7). Among the case studies selected for figure 5, only Roca dels Bous and Axlor suggest some divergence; in the case of Roca dels Bous, N10 presents opposite trends to N12 in the use of local (quartzite) versus imported (flint) rocks. However, the current lack of data for underlying levels makes it difficult to ascertain whether such reversal in the use of raw material was episodic or instead corresponds to a temporal trend in the sequence. With regard to Axlor, Ríos (2008) situates most of the flint sources between 15 and 30 km from the site, whereas other raw materialsuch as quartz, lutite, and so forth-were local (!10 km). Based on data from Baldeó n (1999), it could then be stated that the sequence of Axlor sees a steady increase of exotic raw materials ( fig. 5 ). This diachronic pattern could, potentially, be linked to increasingly larger foraging ranges and/or more demanding manufacture processes that required higher quality raw materials. Time trends have also been detected in some Portuguese Mousterian sites, but they point in the opposite direction; according to Zilhão (2001) , in the sequence of Gruta da Oliveira, there is a steady decrease in the use of flint, and Gruta do Caldeirão shows a similar trend, which is related to mobility patterns focused on the exploitation of local quartzite sources.
With some exceptions (e.g., Ríos 2008; Vaquero et al. 2012 ), relationships between raw material procurement and other aspects of Neanderthal ecology (e.g., Geneste 1985; Kuhn 1995 ) are yet to be explored in the Iberian Middle Paleolithic, so it is not easy to assess the role of other subsistence activities in raw material acquisition and how specific foraging strategies may affect temporal patterns. Nonetheless, with this caution in mind, time trends seem to be an exception rather than the norm; most of the case studies discussed here show conservative patterns in the acquisition of raw materials, in which fluctuations do exist (not unexpectedly, for in several instances we are dealing with sequences spanning many thousands of years), but such variations may be explained by environmental constraints (e.g., Bolomor) or contingent settlement dynamics (Roca dels Bous, Romaní) rather than by directional trends toward local or exotic raw materials. After excluding the existence of diachronic trends in typological and raw material patterns, we shall now discuss whether patterns in the variability of flaking methods can be traced. As mentioned above, this issue is particularly difficult to address; one reason is that disparity in the conceptions of Levallois, discoid, and other centripetal methods obscure potential interassemblage comparison of structured flaking methods. On the other hand, a fairly large number of available studies focus on such structured techniques, and simpler, more expedient flaking solutions are frequently excluded from the analysis. While consideration of Levallois and discoid becomes on occasion sophistic and might not help to discern general patterns (de la Torre 2009), differentiation between structured/long reduction sequences and expedient/short series cores ) may provide a more effective ground for time-depth comparisons. Such a comparative frame, nonetheless, is only available for a few sequences, so discussion will be restrained here to some particular case studies in which comparable technological data exist.
Discoid-like methods are known in Iberia since the Lower Pleistocene; Vaquero and Carbonell (2003) consider the recurrent bifacial centripetal method of Atapuerca TD 6 to be fairly similar to discoid flaking and report an increase of this technique throughout the sequence. According to Ollé et al. (2013) , centripetal strategies progressively become more standardized, leading to the Levallois-like technique from Upper TD 10.1 (OIS 9), in which morphometrical predetermination is observed. The roughly contemporary level XVII of Bolomor contains poor evidence of Levallois, while in upper levels such as XII-VII (OIS 6), hierarchization of cores (recurrent centripetal Levallois and/or hierarchical discoid) is attested (Fernández Peris et al. 2008) . In OIS 5e, Bolomor levels VI-I contain discoid and Levallois flaking accompanied by trifacial and Kombewa cores (Fernández Peris et al. 2008) . Tragó UA3, with a similar chronology, shows predominance of expedient methods followed by bifacial hierarchical centripetal (BHC) reduction, the latter being potentially similar to the recurrent bifacial centripetal method of Atapuerca (Vaquero and Carbonell 2003) and to many of the cores described as discoid and Levallois in Bolomor.
Most of the data on knapping systems correspond to OIS 4 and especially OIS 3. In the central Mediterranean region, Fernández- Peris et al. (2008) state that Mousterian assemblages of this chronology show predominance of Levallois as opposed to earlier periods. An example is the long sequence of El Salt, dated between 60 and 40 kyr, which shows prevalence of recurrent centripetal Levallois methods (Galván et al. 2006) . A different pattern is reported in Cueva Bajondillo (southern Spain), where discoid flaking is better represented in the upper levels, albeit Levallois is common across the sequence (Cortés Sánchez 2008) .
Detailed reports of flaking techniques are now available for a number of north Iberian OIS 4/3 assemblages. In Catalunya, discoid and discoid-like (e.g., BHC) methods are omnipresent in the Middle Paleolithic as opposed to lower frequencies of Levallois (Mora 1988) . Although Cantabria follows a similar pattern, this region shows higher variability than Catalunya, which is probably explained by the larger number of sites documented. Carrió n et al. (2008) Indistinctive Quina and discoid flaking are documented in quartzite and flint, while Levallois is consistently made in the highest quality raw materials available (Carrió n et al. 2008) . Beyond recurrence of this pattern, and despite the wealth of Mousterian assemblages in the Cantabrian region, no clear correlations are yet available between knapping methods and other contextual elements. A particularly telling recent example illustrates the impenetrability of the meaning of flaking methods variability; at El Sidró n, the lithic assemblage was aimed at one very specific activity, that is, butchering other Neanderthals. Yet both discoid and Levallois cores were flaked in this single and task-specific event (Santamaría et al. 2010) .
While acknowledging pitfalls derived from the disparity of core classification systems and chronometric problems of assemblages, we have compiled a few of the available case studies in order to assess diachronically north Iberia Mousterian knapping methods (CAϩ Supplement B: table B8). Some sequences such as Gabasa indicate no change in primary flaking techniques. Abric Romaní does show diachronic patterning toward higher frequency of Levallois in the upper levels, whereas variations in El Esquilleu are nondirectional: discoid dominates the bottom and the top of the sequence, while Quina and Levallois methods are the commonest in some of the middle levels. Therefore, no clear patterns emerge from the diachronic assessment of intrasite variation.
With regard to intersite variability, figure 6 attempts to order chronologically the main flaking systems in the OIS 4-OIS 3 case studies (see also table B8). Late OIS 4/early OIS 3 assemblages such as the lower levels of El Esquilleu, Abric Romaní, and (perhaps) Gabasa show predominance of discoid methods. If we were to assume that dates at the limit of the radiocarbon method are correct, then the trend would be more variable in the 45-39 kyr interval; Levallois predominates in El Castillo level 20e, top levels of Abric Romaní, Axlor N, and Arrillor level emj. Nonetheless, in a similar chronological span, discoid and discoid-like (e.g., BHC) techniques are the primarily flaking methods in Gabasa, Tragó UA1, Roca dels Bous level N12, and Morín levels 11 and 13, while Quina predominates in El Esquilleu levels XIII-XVI and Axlor B-D. The pattern is not clearer in post-39-kyr assemblages; Quina, Levallois, and discoid follow one another in the El Esquilleu top levels, while BHC flaking predominates in Cova Gran S1D-S1C and unifacial methods in Cova Gran S1B and Roca dels Bous N10. In short, figure 6 certifies for technical systems the same pattern (or rather, the lack of any) discussed above for typological facies and raw material procurement: an absence of directional changes or temporal trends.
Technological Variability of the Iberian Middle Paleolithic in the Context of Southwestern Europe
The case study of the Middle Paleolithic at La Noguera region has been presented above to examine possible time trends in the technology of the Iberian Mousterian. Our results suggest that albeit changes occur, they do not show directional patterns. Framing the three Pre-Pyrenean case studies within the wider context of the Iberian Mousterian, although hindered by methodological and empirical constraints, seems to suggest that the lack of diachronic patterning in technological strategies is applicable to most of the Portuguese and Spanish Middle Paleolithic. In truth, this is hardly surprising and comes to confirm on technological grounds what typological approaches (e.g., Bordes 1972) had long reported; that is, a substantial part of western European Middle Paleolithic assemblages show no defined time trends.
However, it is important to stress that absence of temporal directionality does not mean randomness of variation. Intrasite variability in Roca dels Bous (Martínez-Moreno, Mora, and de la Torre 2004; Mora, de la Torre, and Martínez-Moreno 2004), Bolomor (Fernández Peris 2007), Romaní (Vaquero 1999) , Axlor (Ríos 2008) , El Esquilleu , and others may respond to alternative settlement dynamics potentially related to distinct foraging strategies by Neander-thal groups. A challenge in current studies of intrasite variability is to decipher why changing technological behaviors are documented in contexts where raw material sources were fixed and biotic resources would have been similar through time; that will surely help explain the apparently random changes detected in some archaeological sequences.
Once methodological disparities are overcome and the serious chronometric problems are addressed, interassemblage comparisons may also play a more important role in modern analysis of Iberian Middle Paleolithic technological strategies and in the recognition of temporal trends. The Iberian record has the required time depth to explore more than 250 kyr of Mousterian history, and it is unfortunate that substantial parts of this research focus only on the Neanderthal extinction interval. Also, the absence of time trends and the attribution of intrasite variability to contingent settlement strategies do not preclude the existence of other variables of differentiation in the Mousterian of Iberia with respect to the adjacent region of France and within Iberia itself. Traditionally attributed to raw material constraints, the scarcity of preferential flake Levallois cores in Iberia is noticeable; they certainly appear in some Middle Paleolithic sites, but they are much less common than Levallois recurrent centripetal methods. Predominance of recurrent centripetal techniques is a feature shared with the Mousterian of the Aquitaine basin, but while in the French sequence some evolution within Levallois methods is documented (Turq 2000) , such variation is not identified in Iberia. Turq (2000) also reports numerous Kombewa flakes both for making handaxes and cleavers and as core blanks. While Kombewa is not yet much reported in Iberian assemblages, the role of flakes as cores is increasingly recognized; as detailed by Bourguignon, Faivre, and Turq (2004) across French sites, such "ramification" of chaînes opératoires may explain the remarkably small size of stone tools in some Mousterian assemblages from both the north (Ríos 2008) and south (Cortés Sánchez 2007) ends of the Iberian Peninsula. It is unlikely, however, that this so-called ramification explains all instances of small-sized assemblages, for in some cases, such as Cuesta de la Bajada (Santonja et al 2000) and Bolomor (Fernández Peris 2007) , raw material constraints may be responsible, while in others (e.g., Roca dels Bous) the small size of artefacts is due to intentional extreme exhaustion of nodular cores .
Regional variability of tool types should also be investigated. In general, the diversity of retouched tools seems to be lower in Iberia than in southwestern France. Levallois and Mousterian points, backed knives, and others are present in a number of Iberian Mousterian sites but show even lower frequencies than in southwestern France. Sidescrapers dominate most Iberian sites apart from Catalunya and some Cantabrian sites, and such sidescraper-rich assemblages are often considered as "typical" Mousterian. Cantabria and Catalunya seem to present some idiosyncrasies. The presence of cleavers is well documented in some Cantabrian coast (El Castillo, Morín, Lezetxiki, Pendo, Amalda, and Gatzarria) Thiébault et al. 2012) somehow rescue the original idea and propose a specific technological entity for the group of Mousterian sites with cleavers. Also, denticulates predominate in some Cantabrian and many Catalonian assemblages, which is not a common pattern elsewhere in Iberia. This prevalence of denticulate assemblages, especially in Catalonian sites, has been known for a long time (Mora 1988; Ripoll and de Lumley 1965) and has also recently been proposed as sharing traits with French Pyrenean assemblages (Thiébault et al. 2012) . Albeit further correlations and interassemblage comparative work is required, these examples seem to suggest that regional variability in Iberia could exist.
For the moment, however, it is difficult to compare data directly on temporal and regional variation from Iberia with neighboring regions such as France. In the latter, the high density of sites, development of a reliable radiometric framework, and consistency of technological study and publication of site reports has enabled researchers to construct a solid chronostratigraphic sequence where time trends in technology can be evaluated more precisely. Technological reviews began in the wake of the 1960s-1980s typological debate on the meaning of Middle Paleolithic variability, and even in recent years (e.g., Delagnes, Jaubert, and Meignen 2007) attempts have been made to adequate the Mousterian facies to the currently prevalent technological reading of assemblages. Thus, a meaningful association is proposed to exist between the typological facies of La Ferrassie Mousterian and the Levallois method, the Denticulate Mousterian and discoid flaking, the Quina Mousterian facies and Quina reduction, and the typical Mousterian of Levallois facies and Levallois recurrent flaking (Delagnes, Jaubert, and Meignen 2007) .
Since the beginning of the chaîne opératoire approach in the 1980s, certain diachronic patterns in technology were discerned, particularly with regard to the evolution of the Levallois technique (Geneste 1990 ). In the Aquitaine basin, Turq (2000) reports a change from unidirectional and bidirectional recurrent Levallois in pre-OIS 5 assemblages to centripetal recurrent Levallois in Last Glacial sites. He also states that from OIS 5, centripetal methods dominated alongside Kombewa and Quina flaking. According to Delagnes and Meignen (2006) , preferential Levallois is consistently older and commoner in the north than in southern France, and centripetal recurrent Levallois became dominant after OIS 5. The Rhone Valley (Moncel and Daujeard 2012) offers a different picture, however, in which Levallois is mostly centripetal during OIS 8 while unidirectional and bidirectional Levallois cores predominate in OIS 4 and 3. Actually, the OIS 8-OIS 3 sequence at the Rhone Valley (Moncel and Daujeard 2012:113) somewhat resembles the random variation of flaking systems and tool-type frequencies discussed above for Iberia, showing sto-chastic predominance of Levallois and discoid methods and nondirectional changes in the percentage of scrapers and points.
Other technological indicators may potentially bear clearer chronological meaning. In northern France, blade production is limited to the early OIS 5 (Delagnes and Meignen 2006) and does not appear in the Rhone Valley before the last interglacial, although in southeastern France, blade assemblages continues after the early OIS 5 (Moncel and Daujeard 2012) . Blade and/or bladelet production seem also to be characteristic of some late Mousterian assemblages; elongated blanks in the southwestern France Mousterian of Acheulean tradition (MTA) could be a precursor for the Chatelperronian blade technology (Pelegrin and Soressi 2007) , while in the southeast the Charentian would evolve into blade and bladelet industries with a marked regional character (Slimak 2008) .
In summary, evidence seems to suggest that some time trends exist in the Middle Paleolithic technology of France. Recent overviews of the Aquitaine record report a succession of the predominance of flaking systems, with prevalence of Levallois and laminar reduction in the OIS 7-OIS 5 sites followed by Quina, MTA, and discoid/denticulate assemblages from OIS 4 until the transitional industries to the Upper Paleolithic (Delagnes and Rendu 2011) . Changes within the MTA are also given a chronological significance, with MTA type A assemblages being consistently older than the MTA type B (Soressi 2004) , and !50 kyr sites from southeast France are reported to undergo a process of microlithization and typological specialization (Slimak 2008) .
Although the transitional industries to the Upper Paleolithic are beyond the scope of this paper, it is worth noting that most indicators of Mousterian variability in France are clustered in the later Middle Paleolithic. Delagnes and Meignen (2006) report higher diversification of flaking systems in later stages of the Mousterian in which production of blanks with a low degree of predetermination predominates. Idiosyncratic industries such as the MTA seem to be mostly constrained to post-50-kyr sequences (Soressi 2004) , and a similar time trend applies to the appearance of new tool types and blade/bladelet production in the Rhone Valley (Slimak 2008) . Therefore, there seems to be some kind of "shift of gear" that accelerates technological change in the !50-kyr Mousterian French sequence, resulting in a more conspicuous interassemblage variability. Such variability certainly bears chronological connotations, potentially regional differentiation, and putatively also cultural evolutionary implications, given the temporal proximity to the early Upper Paleolithic.
Causes of these general temporal trends have also been investigated. For example, recent studies have aimed to establish links between particular knapping systems and subsistence strategies, providing an explanatory cause for chronological patterns. But so far results are contradictory; assuming an association between flaking methods and mobility patterns, Delagnes and Rendu (2011) relate predominance of Levallois and blade production with low transportability of blanks and low mobility patterns, link the MTA with high mobility Neanderthal groups, and see discoid/denticulate-dominated assemblages as the result of multipurpose and highly versatile tool kits. Scott and Ashton (2011) , however, propose for early Levallois assemblages exactly the opposite and consider that Levallois represents increased transport of blanks and extended curation. Likewise, whereas some propose that MTA bifaces were multipurpose tools (e.g., Soressi 2004) , others see these as single-tasked artefacts related to butchery made by highly mobile Neanderthals (Delagnes and Rendu 2011) .
Beyond interpretive problems of interassemblage variability, it remains clear that the French record contains a solid and reliable chronostratigraphic record and that such a record could indicate some kind of time patterning in Mousterian technology (Delagnes, Jaubert, and Meignen 2007; Delagnes and Meignen 2006; Delagnes and Rendu 2011) . For the moment, such trends are particularly conspicuous in the later part of the Mousterian and could be related to a process of regionalization, particularly in the south of France (Slimak 2008) . Regionalization phenomena are seen in adjacent regions of Europe at the end of the Middle Paleolithic not only on typological grounds but also according to technological indicators, such as in Italy (Kuhn 2006) . However, this temporal trend has yet to be discerned in the Iberian Peninsula, where a number of challenges discussed in this paper confound any potential patterns. When compared with the neighboring area of France, the Iberian Middle Paleolithic record shows more technotypological homogeneity, both regionally and diachronically. In order to ascertain whether this lack of variability in the Iberian Mousterian is real or an artefact of empirical and methodological problems, further efforts are required to develop a chronostratigraphic and technological data set framework comparable with that available in other parts of western Europe and the Near East.
Conclusions
The debate on change versus stasis is inseparable from the assessment of Mousterian technology. Two questions can be asked here (Kuhn 2006 ). First, did major technological innovations occur during the Middle Paleolithic? Many would agree with Kuhn (2006) that the whole package of technological features documented in the latest Mousterian is already present during the early Middle Paleolithic. Second, and a different issue, does Mousterian variability shows directional trends? With some exceptions (e.g., Mellars 1969), the typological approach failed to detect such temporal patterns in the Middle Paleolithic repertoire.
In recent years, technological perspectives have also explored the existence of diachronic trends but from the view of the knapping systems. For example, Scott and Ashton (2011) argue that most of early Middle Paleolithic sites in Northern Europe show predominance of preferential Levallois methods that are not so conspicuous in later assemblages. In the same vein, laminar technologies are reported to be more common in earlier Middle Paleolithic assemblages (Bar-Yosef and Kuhn 1999) . In general, the French sequence seems to present at the end of the Mousterian greater diversity of flaking methods coexisting at the same time and larger frequency of lower predetermination systems (Delagnes and Meignen 2006) .
Can we apply such observations to the Iberian record? This paper has argued that according to the evidence currently available, time trends either do not exist or are not discernible because of a lack of comparable data. We acknowledge that the La Noguera Middle Paleolithic does not provide enough time depth and sufficient sites to build up a solid sample. It should also be remembered that chronostratigraphic and methodological problems are too acute to allow drawing firm conclusions on interassemblage correlations for the whole of Iberia. Therefore, this paper should be seen as an attempt to speculate about the diachronic potential of the Iberian Middle Paleolithic rather than a categorical exclusion of the existence of the time patterns documented elsewhere in western Europe. As stated in an earlier section, it would be unsurprising if such patterns are detected once the Iberian record is organized in a more reliable chronological framework and technological studies become readily available.
For now, however, directionality of assemblage variability is not visible in the Iberian Middle Paleolithic. Quoting Kuhn (2006:110) , "While the Mousterian may have changed over time it was not going anywhere in particular," Iberia included. This does not mean that it is unworthy to keep trying to disentangle the long historical trajectory of the Mousterian. As pointed out above, most of current efforts in Mousterian research in Spain and Portugal are privileging only the transition to the Upper Paleolithic. This is definitely not unique to Iberia, and it has been argued that also elsewhere "what is almost never addressed is what was going on earlier in the Middle Paleolithic, before modern humans and the Upper Paleolithic came on the scene" (Kuhn and Hovers 2006:3) . Only further research can help to address this problem.
